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To be able to resolve gamma rays from high-spin states

in deep-inelastic reaction products one had to wait until the advent

of the efficient Compton-suppressed germanium arrays.

The Total Energy Suppression Shield Array (TESSA)

was developed by the University of Liverpool 

and Daresbury Laboratory; operational since 1983
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Measuring gamma rays from deep-inelastic reaction

products by using the thick-target technique



Discrete gamma-ray spectroscopy with

deep-inelastic heavy-ion collisions – thick target technique: 
60Ni(255 MeV)+92Mo
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Detailed product yield distribution measured by using the gamma-gamma 

concidence with thick-target for the system:
64Ni + 208Pb at 350 MeV
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Example of the construction of a level scheme

by using the g-g-g coincidence thick-target technique
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Measuring gamma rays from deep-inelastic reaction

products by using magnetic spectrometers

coupled to germanium arrays
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Large-acceptance spectrometer VAMOS 

coupled to EXOGAM Ge array

(at present to AGATA) 

at GANIL, Caen (France)
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We have the method that enables the studies of  high-spin

structures in neutron-rich nuclei – it relies on using deep-inelastic

processes and two detection techniques:

a) thick-target technique with large germanium arrays

or

b) thin target  technique with magnetic spectrometers

coupled to germanium arrays.
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High-spin bands in 218,220,222Rn and 222,224,226Ra
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High-spin bands in 218,220,222Rn and 222,224,226Ra

investigated by employing deep-inelastic reactions and the  g-g-g coincidence

thick-target technique (with GAMMASPHERE at LBL)
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The neighborhood of doubly-magic 208Pb 

as a laboratory for studying shell model

effective nucleon-nucleon interactions
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Investigations in the region of doubly-magic 208Pb

by employing deep-inelastic reactions and the  g-g-g coincidence thick-

target technique (with GAMMASPHERE at ANL)
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Identification of high-spin structures in nuclei located

„south-west”of 208Pb from the g-g-g coincidence thick-

target experiments (GAMMASPHERE at ANL)
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Identification of high-spin structures in 

nuclei located „south-east”of 208Pb 
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High-spin structures SOUTH of doubly-magic 208Pb - comparison with 

shell-model calculations using

the realistic Vlow-k interaction (computer codes CENS and OXBASH).
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Conclusion: The sub-shell closure at N=40 occurs in

Ni nuclei, making the 68Ni nucleus „almost” doubly

magic.

This closure, however, is rather weak and restricted

to the close proximity of 68Ni.
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The latest development in the 68Ni yrast spectroscopy
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Gamma Arrays based on 

Position Sensitive Ge Detectors

AGATAGRETA
Magnetic spectrometers which

provide full isotopic identification of 

DIC products (PRISMA, VAMOS)

Gamma-ray spectroscopy of DIC 

products with radioactive beams



 Discrete in-beam gamma-ray spectroscopy with deep-inelastic reactions
turned out to be efficient in elucidating high-spin structures in neutron-rich
nuclei:

o high-spin bands in neutron-rich Rn and Ra nuclei

o identification of high-spin structures in nuclei around doubly-magic 208Pb –

those structures are well described by the shell-model calculations with the 

realistic nucleon-nucleon interaction derived from the free nucleon-nucleon

potential

o identification of the sub-shell gap at N=40 in Ni isotopes

o observation of the sub-shell closure at N=32

 Discrete in-beam gamma-ray spectroscopy of deep-inelastic reactions

products will greatly benefit from radioactive beams. Experiments using the 

radioactive beams and modern tracking germanium arrays should extend the 

investigations of high-spin structures toward the „terra incognita”.

Conclusions and Outlook
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